River Krishni is highly polluted. The investigation was "to study the effect of pollution in River Krishni on the quality of groundwater abstracted through shallow and deep hand pumps placed in the close vicinity of River Krishni". One such affected Village Chanedna Maal was selected for the study. Hand pumps abstracting water from shallow and deep unconfined aquifers have been found to deliver polluted water in terms of color, organics and coliform bacteria. As the hand pumps are the only source of water supply in Village Chandena Maal, pollution of the groundwater has adversely affected the day to day life of its 3000 residents.
India has large number of rivers which have been nurturing its vast fertile lands. Due to the urbanization and industrial development stress on the environment is well recognized. Most of the cities/towns situated on the banks of the rivers, discharge their untreated/ partially treated/ treated wastewaters into the rivers. It is estimated that community waste from human activities accounts for four times as much wastewater as industrial effluents, most of which is discharged untreated/ partially treated into the water courses in India [1] . Surface waters intended to be used for the drinking purposes can vary markedly in their organic and inorganic contents. High levels of variation occur in the range of water quality parameters such as turbidity, color, UV-absorbance etc.
Groundwater is an important source of water for domestic, industrial and agricultural purposes. It is estimated that more than 90% of the rural population uses groundwater for domestic purposes [2] .
Scope of the study was follows: Some of the industries Major/some portion of their treated/untreated/partially treated wastewaters are discharged in the River Krishni either on regular basis or occasionally. The river water in the area of the study is coloured, polluted and odours. It cannot be classified a healthy fresh water stream. Such polluted surface water is likely to pollute ground water resources along its path of flow. Efforts have been made in the present investigation to study the interaction of polluted water of River Krishni and ground water in and around Village Chandena Maal. Scope of the work included the following: To assess the water quality of River Krishni around Village Chandena Maal during the non monsoon periods when there is flow in it and when there is no flow in it. (a) To characterize wastewaters from the major drains known to discharge the effluents from the industries in the area around Chandena Maal into the River Krishni. (b) To assess water quality of ground water being abstracted through shallow and deep hand pumps in the Village Chandena Maal around River Krishni.
Ground water is the major source of water supply for drinking and other purposes in the rural areas of India. In many parts of India, the available water for drinking purposes, groundwater or municipal water sourced from groundwater, is rendered nonpotable due to the presence of high concentrations of fluoride and other constituents. Dental and skeletal fluorosis is one of the serious health problems prevalent in 150 districts of 17 States of India. It is emerging as a social problem as well in many villages of northern India [3] . In comparison to most groundwater sources, alluvial aquifers that are hydraulically connected to rivers are typ-
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ically easier to exploit (shallow) and more highly productive for drinking water supplies [4] .
Lakes and rivers have been and continue to be the major sources of water supply. The water quality is influenced by the strata through which incoming groundwater travels, as well as by the activities in the catchment affecting surface run-off to the lake. The surface water, which is vulnerable to pollution, cannot be used without treatment.
Groundwater often can be used without treatment. However, limited groundwater resources, decreasing level of groundwater due to over-abstraction and increasing cost of pumping, are not in tune with the environmental obligations for future generations [5] .
The water quality of river Krishni has been studied at 8 sampling points fixed at 70 kilometers stretch. The river received about 50 to 67 cusec, of domestic and industrial waste water via three waste water channels containing high amount of total solids, dissolved solids, suspended solids, bio-chemical oxygen demand (BOD), chemical oxygen demand (COD), albuminoid nitrogen, ammonical nitrogen, nitrate nitrogen, sulphate, phosphate and chlorides. These waste contents of the waste water have changed the characteristics of the river water to great extent [5] .
The exploitation of groundwater by means of boreholes for supplying small user groups and rural communities with water has been widely applied in certain parts of the world for several decades. In recent years this practice has spread all over the globe and hundreds of thousands of boreholes have been drilled to tap low-yield aquifers. It is evident that such boreholes require pumps for lifting the water. [7] .
Study area
River basin of Krishni is a part of Indogangetic plain. Due to its strategic geological location, river Krishni plays a prominent role in the economy of the Western Uttar Pradesh. It passes through three major industrially and agriculturally advanced districts of UP viz. Saharanpur, Muzaffar Nagar and Meerut. From Pargana Rampur in the district Saharanpur, it enters Muzaffar Nagar district at the village Chandena Maal, five kilometer north of Jalalabad. River Krishni ultimately joins river Hindon at Barnava in District Meerut and empties its pollution load, which in turn confluences with River Yamuna at Tilwara in District Ghaziabad. The length of the river is about 150 kms. It flows between two bigger Rivers Yamuna and Hindon almost parallel to both. Since its catchment area is in the form of a narrow strip, total catchment area is only approximately 2500 sq.km.
River Krishni is a typical example of the water courses of Western UP which receive domestic and industrial effluents throughout their lengths. There are number of large, medium and small-scale industries such as sugar, distillery, card-board and food-products etc. in the catchment of River Krishni which discharge their treated or untreated wastewaters to the river. Water level in the river varies a lot due to the seasonal nature of some of these industries. Water looks coloured, and smells a lot. Whenever even a slight wind blows from river side towards the adjoining village, entire village environment gets filled with the unacceptable odour.
The Village Chandena Maal is situated in block Thana Bhawan, Teshil Shamli of District Muzaffar Nagar in Western Uttar Pradesh. It is about 8 kms from Thana Bhawan, about 28 kms from Shamli and about 45 kms from Muzaffar Nagar. The village is about 15 kms south of Nanauta, which has many industries. It is situated close to Delhi-Saharanpur highway.
The village topography is almost plain with a difference of 3.685 m in the highest and lowest ground levels [8] . The populations of village Chandena Maal in Census year 2001 was 2769 and at present in 2009 is estimated to be around 3200. The main occupation of villagers is agriculture. Wheat and sugar cane are the main crops in the area. The village has power supply for only about 8 hours per day. There is one primary school, one Shishu Mandir and one junior high school in the village. Domestic sewage and storm water flows through surface drains constructed on both sides of the narrow village streets which ultimately flow outside the village and in many cases into the River Krishni.
At present the inhabitants meet their daily requirement through shallow and deep (India Mark-II) hand pumps. There are approximately 50 hand pumps, out of which about 35 are shallow and remaining about 15 are deep hand pumps. Water from most of the hand pumps in the village is coloured. Although it varies a lot from very light yellow to dark brown from one hand pump to other depending upon depth of the hand pump and its distance from the river. In general, water of shallow hand pumps has been found to have darker color compared to deep hand pumps. Shallow hand pumps in the village have depths ranging from 15-35 m while deeper ones are 35-55 m. At present a water supply scheme based on a deep tube well (~130 m) is under construction.
Materials and methods
The objective of the present work was to study the effect of pollution in River Krishni on the quality of water from hand pumps.
On the basis of a preliminary study sampling locations were selected in the study area. The selected sampling locations could be categorized as given below:
(a) On the polluted and relatively unpolluted stretch of the river, (b) On the sources of water supply: Shallow and deep hand pumps, and natural pond, (c) On the major waste water drains coming from different industries and discharging into the river.
Sampling locations are shown in Fig.1 . Many of the minor wastewater drains were not monitored. During the study a deep tube well (~130 m) was constructed in the village but it could not be made functional as pipe lines were not laid during the course of the study. Water from the tube well was not available for the analysis. It is expected that tube well will start delivering water by December, 2009 . Total cost of the upcoming project is ~ Rs 50 lacs.
Water samples from upstream and downstream of River Krishni, hand pump(s) located in the villages Chandena Maal, Banhera Khemchand and Kachrai and from drains carrying industrial effluents towards the River Krishni were collected four times for the analysis of water quality parameters.
Water samples from each sampling point were collected in two plastic bottles of one liter each. Simultaneously samples for bacteriological analyses were collected in sterilized, high-densi-ty, glass bottles covered with aluminum foils. The samples were transported to the Environmental Engineering Laboratory, Department of Civil Engineering, IIT Roorkee. Samples were analyzed for physico-chemical and microbiological parameters (viz. temperature, pH, DO, conductivity, TDS, TOC, colour, COD, BOD, UV absorbance, turbidity, major cations, major anions, nitrate, TS, coliforms and heavy metals) as per the procedures prescribed in Standard Methods [9] .
The sampling program was divided in following two phases: 
Results and discussions

Soil strata: Viilage Chandena Maal
Village Chandena Maal is situated on the left bank of the River Krishni. At present villager's abstract ground water using about 50 shallow and 25 deep hand pumps for their daily requirements of water. In Chandena Maal, generally the depths of shallow hand pumps are in the range of 15-35 m while the depths of the deeper IM-II hand pumps are 35-55 m. In and around Village Chandena Maal, both the water of River Krishni and ground water pumped out by the hand pump(s) are polluted. In general, water of the shallow hand pumps in the village is darker in colour (yellowish) compared to the IM-II hand pumps. During the course of this study a deep tube well of about 130 m depth was constructed in the village to meet out the requirements of the water supply. In the tube well the strainers are placed at three levels i.e. depths of 66.19-70.44 m, 85.31-97.27 m and 103.16-115.20 m in the water bearing layers of fine to medium sand. Based on the soil strata charts prepared during the construction of the twenty one IM -II hand pumps from 1998 to 2008 and the tube well in 2009, the soil strata at the Village Chandena Maal and the cross-sections of shallow and deep hand pumps and the newly constructed tube well are also shown in the Fig.2 The three water abstraction devices tap water bearing strata at different levels. The hydrogeology reveals occurrence of alternate layers of the clay and sand. Aquifer broadly behaves as a single bodied aquifer down to the depth of approximately 100 m bgl (metre below ground level) as the clay layers laterally pinch out.
River Krishni travels between Rivers Ganga and Yamuna and the area around Village Chandena Maal lies in the Central Ganga Plain, a highly fertile track of Western Uttar Pradesh. The area is part of the Central Ganga basin, well endowed with the groundwater resources; however, overexploitation has created adverse impact on the groundwater regime.
Aquifers of Quaternary age form the major source of irrigation and municipal water supplies. The River Krishni is effluent throughout its course. Ground water resources of the area lying between the River Krishni on the east and the River Yamuna on the west have been evaluated by Ahmed and Umar (2008) [10] . A network of 28 observation wells was established. Because the rainfall is restricted, repeat measurements of water levels were carried out in the months of June and November 2004, as water level is maximum in the month of June and minimum in the month of November for a specific year. Twenty litho logs of boreholes were used by Ahmed and Umar (2008) [10] to prepare various hydro geological cross sections. Geologically, the area is underlain by alluvial deposits of Quaternary age consisting of older and younger alluviums. The latter is confined to the river channel or in the low-lying areas. Younger alluvium is generally inundated by The clay beds pinch out at regional scale and consequently the aquifer system behaves as a single bodied aquifer to the depth of about 100 m bgl. Section A-B drawn along E-W direction shows the persistence of surface clay throughout the area, followed by the granular zone ranging in thickness from 8 m in the east to 15 m in the west. The second granular bed occurs in depth range of 25-80 m bgl which is 30-45 m in the water table in the shallow aquifer is unconfined in nature. The premonsoon depth to the water level varies between 5 and 16.5 m bgl [10] .
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Water quality parameters
Water samples of River Krishni, major industrial wastewater drains, a natural pond and hand pump(s) in and around Village Chandena Maal were analyzed for physico-chemical and microbiological parameters (viz. temperature, pH, DO, conductivity, TDS, TOC, colour, COD, BOD, UV-absorbance, turbidity, major cations, major anions, nitrate, TS, coliforms and heavy metals) as per the procedures prescribed in Standard Methods [9] for five.
The ranges of the analysis and results of various physicochemical and microbiological parameters are given in Table.1 and  Table. 2.
Phase 1. When Industries were Working (i.e. There was Flow in the River Krishni).
During this period of sampling sugar, distillery, card board and many other industries were working around Chandena Maal. The results of the analysis are given in Table. The results broadly indicate that the quality of the water varies considerably from one location to the other. Spatial and temporal variation of TDS, conductivity, colour, turbidity, COD, UV-absorbance, BOD, TOC, total coliform and fecal coliform at different sampling points is shown in Fig.3 -Fig.16 The results of the analysis are given in Table. 2. the results broadly indicate that the quality of the water varies considerably from one location to the other. Spatial and temporal variation of TDS, conductivity, colour, turbidity, COD, UV-absorbance, BOD, TOC, total coliform and fecal coliform at different sampling points is shown in Fig.3-Fig The val ues of TDS, conductivity, colour, turbidity, COD, UV-absorbance, BOD, TOC, total coliform and fecal coliform for different samples were: river water (1296 mg/L and 2160 µS/cm), (1520 CU), (50. 
